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METHOD FOR EFFICIENTLY ENCODING
AND COMPRESSING ECG DATA OPTIMIZED
FOR USE IN AN AMBULATORY ECG
MONITOR

CROSS-REFERENCE TO RELATED
APPLICATION

This non-provisional patent application is a continuation-
in-part of U.S. patent application Ser. No. 14/488,230, filed
Sep. 16, 2014, pending; which is a continuation-in-part of
U.S. patent application Ser. No. 14/080,725, filed Nov. 14,
2013, pending, and further claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Patent application Ser. No.
61/882,403, filed Sep. 25, 2013, the disclosures of which are
incorporated by reference.

FIELD

This application relates in general to electrocardiographic
monitoring and, in particular, to a method for efficiently
encoding and compressing ECG data optimized for use in an
ambulatory electrocardiography monitor.

BACKGROUND

The first electrocardiogram (ECG) was invented by a
Dutch physiologist, Willem Einthoven, in 1903, who used a
string galvanometer to measure the electrical activity of the
heart. Generations of physicians around the world have since
used ECGs, in various forms, to diagnose heart problems and
other potential medical concerns. Although the basic prin-
ciples underlying Dr. Einthoven’s original work, including
his naming of various waveform deflections (Einthoven’s
triangle), are still applicable today, ECG machines have
evolved from his original three-lead ECG, to ECGs with
unipolar leads connected to a central reference terminal start-
ing in 1934, to augmented unipolar leads beginning in 1942,
and finally to the 12-lead ECG standardized by the American
Heart Association in 1954 and still in use today. Further
advances in portability and computerized interpretation have
been made, yet the electronic design of the ECG recording
apparatuses has remained fundamentally the same for much
of the past 40 years.

Essentially, an ECG measures the electrical signals emitted
by the heart as generated by the propagation of the action
potentials that trigger depolarization of heart fibers. Physi-
ologically, transmembrane ionic currents are generated
within the heart during cardiac activation and recovery
sequences. Cardiac depolarization originates high in the right
atrium in the sinoatrial (SA) node before spreading leftward
towards the left atrium and inferiorly towards the atrioven-
tricular (AV) node. After a delay occasioned by the AV node,
the depolarization impulse transits the Bundle of His and
moves into the right and left bundle branches and Purkinje
fibers to activate the right and left ventricles.

During each cardiac cycle, the ionic currents create an
electrical field in and around the heart that can be detected by
ECG electrodes placed on the skin. Cardiac electrical activity
is then visually represented in an ECG trace by PQRSTU-
waveforms. The P-wave represents atrial electrical activity,
and the QRSTU components represent ventricular electrical
activity. Specifically, a P-wave represents atrial depolariza-
tion, which causes atrial contraction.

P-wave analysis based on ECG monitoring is critical to
accurate cardiac rhythm diagnosis and focuses on localizing
the sites of origin and pathways of arrhythmic conditions.
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P-wave analysis is also used in the diagnosis of other medical
disorders, including imbalance of blood chemistry. Cardiac
arrhythmias are defined by the morphology of P-waves and
their relationship to QRS intervals. For instance, atrial fibril-
lation (AF), an abnormally rapid heart rhythm, can be con-
firmed by an absence of P-waves and an irregular ventricular
rate. Similarly, sinoatrial block is characterized by a delay in
the onset of P-waves, while junctional rhythm, an abnormal
heart rhythm resulting from impulses coming from a locus of
tissue in the area of the AV node, usually presents without
P-waves or with inverted P-waves. Also, the amplitudes of
P-waves are valuable for diagnosis. The presence of broad,
notched P-waves can indicate left atrial enlargement. Con-
versely, the presence of tall, peaked P-waves can indicate
right atrial enlargement. Finally, P-waves with increased
amplitude can indicate hypokalemia, caused by low blood
potassium, whereas P-waves with decreased amplitude can
indicate hyperkalemia, caused by elevated blood potassium.
Cardiac rhythm disorders may present with lightheaded-
ness, fainting, chest pain, hypoxia, syncope, palpitations, and
congestive heart failure (CHF), yet thythm disorders are often
sporadic in occurrence and may not show up in-clinic during
aconventional 12-second ECG. Continuous ECG monitoring
with P-wave-centric action potential acquisition over an
extended period is more apt to capture sporadic cardiac
events. However, recording sufficient ECG and related physi-
ological data over an extended period remains a significant
challenge, despite an over 40-year history of ambulatory ECG
monitoring efforts combined with no appreciable improve-
ment in P-wave acquisition techniques since Dr. Einthoven’s
original pioneering work over a 110 years ago.
Electrocardiographic monitoring over an extended period
provides a physician with the kinds of data essential to iden-
tifying the underlying cause of sporadic cardiac conditions,
especially rhythm disorders, and other physiological events
of potential concern. A 30-day observation period is consid-
ered the “gold standard” of monitoring, yet a 14-day obser-
vation period is currently pitched as being achievable by
conventional ECG monitoring approaches. Realizing a
30-day observation period has proven unworkable with exist-
ing ECG monitoring systems, which are arduous to employ;
cumbersome, uncomfortable and not user-friendly to the
patient; and costly to manufacture and deploy. Still, if a
patient’s ECG could be recorded in an ambulatory setting
over a prolonged time periods, particularly for more than 14
days, thereby allowing the patient to engage in activities of
daily living, the chances of acquiring meaningful medical
information and capturing an abnormal event while the
patient is engaged in normal activities are greatly improved.
The location of the atria and their low amplitude, low
frequency content electrical signals make P-waves difficult to
sense, particularly through ambulatory ECG monitoring. The
atria are located posteriorly within the chest, and their physi-
cal distance from the skin surface adversely affects current
strength and signal fidelity. Cardiac electrical potentials mea-
sured dermally have an amplitude of only one-percent of the
amplitude of transmembrane electrical potentials. The dis-
tance between the heart and ECG electrodes reduces the
magnitude of electrical potentials in proportion to the square
of change in distance, which compounds the problem of
sensing low amplitude P-waves. Moreover, the tissues and
structures that lie between the activation regions within the
heart and the body’s surface alter the cardiac electrical field
due to changes in the electrical resistivity of adjacent tissues.
Thus, surface electrical potentials, when even capable of
being accurately detected, are smoothed over in aspect and
bear only a general spatial relationship to actual underlying



